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A b s t r a c t  

The study estimates the turbulence anisotropy for flow in a sinuous channel under the 

influence of downward seepage. Anisotropy provides the deviation from the isotropic turbu-

lence. Given the complex flow processes in a sinuous channel, it is vital to investigate the 

turbulent flow characteristics.  
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1. INTRODUCTION 

The geometry of the channel may have a significant effect on the flow characteristics around 

the sinuous bend. Lumley and Newman (1977) defined the Reynolds stress anisotropy tensor 

to evaluate the turbulence structure to different bed condition. The Reynolds stress anisotropy 

tensor (bik) is given as: 
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where k is the average turbulent kinetic energy (TKE) and 𝛿𝑖𝑗 is the Kronecker delta function, 

where  i, j = 1, 2, 3  are the spatial components. The anisotropic invariant map (AIM) is con-

structed to examine the anisotropy of Reynolds stress. AIM is represented using the two prin-

cipal independent invariants (II and III). The AIM by can also be presented by plotting 𝜉 against 

𝜂 because it produces less distortion in forming a triangle. The detailed methodology can be 

found in Raushan et al. (2020). With seepage, the flow parameters are modified near the channel 

bed. With downward seepage, the magnitude of Reynolds shear stress increased (Taye et al. 

2020), and with upward seepage, the Reynolds shear stress decreased (Herrera-Granados and 

Kostecki 2017). 
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The three-dimensional instantaneous velocities were recorded using a Nortek® Vectrino + 

Acoustic Doppler Velocimeter (4-beam probe down-looking). The velocimeter uses the Dop-

pler shift principle for velocity measurement and delivers the velocities in three orthogonal 

directions (streamwise, transverse, and vertical). In the present study, the velocities were col-

lected for 2 minutes with sampling frequency 100 Hz. The SNR (signal-to-noise) was greater 

than 15 decibels and the correlation greater than 60% during data collection. For good result, 

the SNR should be greater than 15 decibels (Nortek 1997) and the correlation should be at least 

60% (McLelland and Nicholas 2000). The raw data was filtered by the acceleration threshold 

method, as it may sometimes be contaminated with spikes. 

2. RESULTS AND DISCUSSIONS 

The anisotropy at bend upstream and bend center tends to move towards the one-component 

isotropy for no seepage and seepage flows. At bend downstream, the anisotropy is reduced to 

two-component isotropy, as maximum points lie towards the left line, signifying the turbulence 

fluctuations to lead along two directions. At bend upstream and center, maximum points lie 

above the right line, which signify the fluctuations to dominate along one direction. 

With seepage flows at bend upstream, the points reach one-component isotropy faster than 

at bend center, and further at bend downstream, the points are clustered near the two-component 

isotropy (Fig. 1). 

Fig. 1. Representation of Lumley triangle for no seepage and seepage flows at: (a) Bend upstream, 

(b) Bend center, and (c) Bend downstream. 
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